Abstract: The aim of this study was to examine the rate of fatigue and sleepiness around the shift and non-shift workers and its relation to occupational accidents. This was a cross-sectional study on the workers of Iranian Industrial Mining Group. They included 137 shift workers as the case and 130 non-shift workers as the control. A multi-part questionnaire including demographic characteristics, Piper Fatigue Scale and Epworth Sleepiness Scale were applied. The χ 2 test and t-test were used to measure differences between variables. The mean of PFS scores in the two groups was significantly different (p=0.045), but the difference in the mean of ESS scores was not significant. Shift workers with the reported accident had a higher score on fatigue than shift workers with no accident (p<0.001) whereas the difference in the number of accidents in the two groups was not related significantly to the rate of sleepiness. The rate of fatigue and the number of the work accidents was more in the shift workers. Also, fatigue had a stronger relationship with the occupational accidents as compared to sleepiness. It seems that evaluation of fatigue as compared to sleepiness is a more accurate factor for preventing work accidents.
Introduction
Shift work is growing in modern society as an important tool for flexibility of work organization. It is one of the characteristic features of work that millions of workers have experienced all over the world 1, 2) . On shift work, workers are forced to change their typical sleepwake cycle according to the changed activity and rest periods. This intervenes with the normal cycles of physical functions (circadian rhythms) 3) . In the study done in 15 European countries in 2000, it was shown that only 24% of the workers did not have to do shift work 4) . It can be said that, shift work can generate constant and severe sleep disorders, chronic fatigue and chronic anxiety or depression 5) . Tempas and Mahan declared that many common work schedules interact violently with sleep, particularly those shifts that include some degree of night-time work 6) . Recently, growing interest has been around investigating sleep related problems, mostly due to the fact that sleepiness and fatigue are efficient in human errors and consequential many accidents in developed civilizations 3) . It is obvious that sleepiness and reduced alertness are important risk factors for accident preparedness at work 7) . Leger determined that as many as 53% of all occupational crashes in 1988 in the USA were potentially related to sleepiness 8) .
Fatigue is a feature varying from weakening function on alertness tasks (inattention) to complete falling asleep. Fatigue is defined as "a state of declining alertness which eventually ends in sleep" 3) . Various accidents, which could be attributed to the loss of control due to the fatigue and sleepiness of workers, have been reported at mines. In a study conducted in Australia, the occurrence of accidents for operators of heavy machinery in open-cut coalmines were determined 93% of the incidents in the occupations were possibly fatigue related. The total expense of the Australian coal mining industry for injuries and the lost time due to possible fatigue-related accidents for the period in question was $ 3,345,000 9) . According to the U.S National Transportation Safety Board Report, 57% of the accidents were due to fatigue 10) . In another study carried out by J. Shen shift workers encountered more fatigue than non shift workers, but there was no much difference between the severities of sleepiness for the two groups 11) . Knowledge about the influence of shift works on fatigue and sleep disturbances are still limited. Also their relations to the incidence of occupational accidents are not known. Therefore, it was decided to study fatigue and sleepiness in a group of shift and non-shift workers with similar demographic characteristics. Also the incidence of accidents was studied in relation to fatigue and sleepiness so as to help plan better preventable measures.
Subjects and Methods
The cross-sectional survey studied two groups: employees who were on shift-work and employees not on shiftwork. The study was carried out on workers of Iranian Industrial & Mining Group in 2006-2007. By random sampling, 3,700 men of the age group 30-63, a total of 150 men were selected as the case group and 140 nonshift workers as the control group. All around were similar in respect to age and work experience. The 8 subjects who had not answered the question were thereby excluded from the investigation (response rate 97.2%). After completion of the questionnaire, 5.3% of the workers of the two groups with positive history of alcohol and sedative drugs consumption, neurological, psychological and cardio-vascular problems groups were excluded from the study. This was due to the fact that all of these factors can affect the probability of accidents. In the present study, shift work was defined as work outside the routine time for work (7 am-6 pm) 12) . Ultimately, 137 shift workers and 130 non-shift workers were selected as the population under study.
Data collection was fulfilled through a questionnaire comprising several sections including demographic characteristics, Piper Fatigue Scale (PFS) and Epworth Sleepiness Scale (ESS) questionnaire. The variables in the demographic section included; health condition, history of cigarette smoking, alcohol consumption and sedative drugs. Iranian version of Piper Fatigue Scale questionnaire (PFS) 13) was used to measure fatigue. The PFS currently is composed of 22 items numerically scaled from "0" to "10", measuring four dimensions of subjective fatigue including: behavioral (6 items; 1-6), emotional (5 items; 7-12), sensory (5 items; [13] [14] [15] [16] [17] , and cognitive/mood (6 items; [18] [19] [20] [21] [22] . The categories were as follows: 0 = no fatigue, 1-3 = mild fatigue, 4-6 = moderate fatigue and 7-10 = severe fatigue. To ensure the clarity of questionnaires, pilot testing of the questionnaire was also performed using the coherence and consistency upon 30 workers who were not included in the survey. Content validity was established by 5 experts who were academic staff and industrial psychologists. Then, the questionnaire was modified on the basis of the subjects' feedback. To determine the internal reliability, a Cronbach's alpha for total fatigue was calculated 0.97. Data were collected from the actual worksite of the workers. The finding of PFS revision showed that it is more appreciate to be used in an occupational setting.
Sleepiness was measured by the Epworth Sleepiness Scale (ESS) 14) . ESS is a validated questionnaire including eight items on expectation of dozing in eight hypothetical situations. Dozing probability rating ranges from zero (no probability) to three (high probability). ESS score of 10 or more indicates excessive daytime somnolence 15) .
Data on occupational accidents from January1, 2000 to December 31, 2005 were obtained from the Occupational Injury Statistics Division of the Iranian Industrials & Mining Group. This is a department register compiling statistics on all occupational accidents and diseases in Mining, including injuries not requiring sick leave. Injuries resulted from falls, equipment and machine-related injuries, injuries due to falling or flying objects, etc were included. The informed consent of all participants was obtained and the study was approved by the Ethics Committee of the Health Faculty at Yazd Medical University. In addition, the contributors were assured that their responses were confidential.
The computations were performed using SPSS 13 software program. The χ 2 test was used to test the differences between proportions and the t-test was used when the comparison involved continuous variables.
Results
Demographic characteristics of the subjects showed that the mean age of shift and non-shift workers was 30.47 ± 6.5 and 31.12 ± 7.2, respectively. There was no significant difference between the mean age of the two groups (p=0.2). The mean of duration of employment in the case and control group was 9.1 ± 7.8 and 9.4 ± 6.8 yr which were not statistically significant and the work environment was similar in the both groups. The mean score of PFS for the two groups is depicted in Table 1 and with a t-value of 0.045, the difference was significant. Also according to the ESS questionnaire score, no significant difference was found between the mean ESS score of two groups (Table 1) . Figure 1 shows the Score>10 and Score<10 of ESS in shift and non-shift workers. 13.9% of shift workers had Score>10 of ESS whereas only 7.7% of non-shift workers gained this score. Also 86.1% of the subject in the case group had score<10 of ESS but this in the control group were 92.3%. χ 2 test indicated that these differences were not statistically significant (p=0.07, Fig. 1 ).
SHIFT WORK SLEEPINESS FATIGUE AND ACCIDENT MINING
Occupational accident of the population, those who had or had not been involved in at least one occupational accident is presented in Table 2 . A total of 57 workers had sustained accidents during the past 5 yr. The history of accidents were measured by χ 2 test in the two groups was statistically significant (p=0.03).
Shift workers with an accident precedent showed a higher score on fatigue than shift workers with no accident (p<0.001). As shown in Table 3 , PFS mean in both shift and non-shift workers were significantly related to accidents. In the case group, those with accidents precedent had a significantly higher fatigue score as compared to those with no accident (p<0.001), while in the control group, the fatigue score in those with a certain history of accidents was not statistically different from those with no accident (p=0.112). As shown in Table 4 , though the ESS mean score of the shift workers who had accidents was more, the relation was not significant (p=0.126). It was the same for non-shift workers.
Discussion
This experimental analytical study was done to determine fatigue and sleepiness and their relation with the rate of accidents in shift and non-shift workers of Iranian Mining Groups. In the present study, the PFS mean score in shift workers was significantly higher than the other group. The result of the study by Shen J was also similar, i.e. fatigue in shift workers was more than non-shift workers and there was a significant relationship between severity of fatigue and shift work 11) . The Jansen study showed that there is a strong relation between fatigue and different types of shift work and this was determined after controlling or deleting other interfering factors 16) . In a study by Rosa, fatigue increased rapidly in night shifts as compared to day shifts 17) . But in the study by De Fatima, there was no significant relationship between fatigue and shift work, while satisfaction of bank workers decreased their fatigue 18) . Jansen concluded that use of different fatigue questionnaires has a direct role on prevalence rates of fatigue in various investigations 16) .
In the present study, the ESS mean score in shift workers and non-shift workers was statistically similar. In the study on South African mining industry, operators were required to complete an Epworth Sleepiness questionnaire, only one 1/4 of them diagnosed as being sleepy on the basis of scores 3) . Garbanio's investigation of Italian officers showed that the relation between sleepiness and shift work was not significant 19) . Similarly, in the study by Shen J, the relation between sleepiness (calculated by ESS) and shift work was not significant. It seems that responsibility and probability of accidents prevents high sleepiness in workers, but it is worth mentioning that ESS ≥10 which depicts excessive daytime somnolence 15) was greater than shift workers though the difference was not significant 11) . In this investigation, there was significant relationship between shift work and accidents. In the study by Fransen, there was strong relationship between work accidents and shift work, also this study showed that even though interfering factors like occupational risks, sleepiness and mode of living are excluded, there is a significant relationship between fatigue and shift work 20) . Smith declared that there is a 30-50% increase in the risk of accidents during night shifts 21) . The studies by Mitler showed that the Chernobyl disaster occurred at night was due to human error and mismanagement of human resources 22) .
The relation between fatigue and accidents in shift workers was significant. But fatigue and accident did not show any relationship together in non-shift workers. In the study by Swaen, there was a significant association between increased fatigue and incidence of physical injury due to accidents 23) . In a study conducted in Australian Department of Minerals and Energy, more than 90% of the incidents in the occupations were possibly fatiguerelated 9) .
There was no significant statistical relationship between ESS results and accidents in both the case and control groups, but the ESS scores in the workers of both groups who had accidents was higher than the rest. Also, the ESS mean score of the shift workers who had at least one accident during 5 years was higher than shift workers with no accident. Gabarino showed that shift work can cause sleepiness leading to increase in occupational accidents, but shift work had no effect on the ESS score 19) . Shen J confirmed that although there was a difference on fatigue for the two groups; sleepiness in the shift and nonshift workers was not different 11) . In the study by Hossain, it was determined that shift workers who had fatigue had higher sleepiness scores 24) . It seems that the relationship between fatigue and sleepiness is not very strong and these two need to be studied and evaluated separately.
Conclusion
Fatigue has a stronger relationship with accidents as compared to sleepiness thus evaluation of fatigue as compared to sleepiness is a more accurate factor for preventing work accidents. This is also true with operators in the Iranian Mining Industry: fatigue and reduced levels of alertness during operations are realities with potential safety risks.
